Introduction
Let D = (V, A) be a digraph on n vertices. We permit loops but no multiple arcs. A u −→ v walk in D is a sequence of vertices u, u 1 , . . . , u k , v and a sequence of arcs (u, u 1 ), (u 1 , u 2 ), …, (u k , v). Furthermore, if u −→ v is a walk with distinct vertices, then u −→ v is called a path. A closed walk is a u −→ v walk, where u = v. A cycle is a closed u −→ v walk with distinct vertices except for u = v, and a cycle on k vertices is denoted by C k . The length of a walk W is the number of arcs of W , and is denoted by |W|.
Suppose D is a digraph. If we assign a sign 1 or −1 to each arc of D, the resulting digraph S is called a signed digraph. If W is a walk of a signed digraph S, the sign sgn(W ) of W is defined as sgn(W ) = e i ∈A (W) sgn(e i ). Two walks W 1 and W 2 in a signed digraph are called a pair of SSSD walks, if they have the same initial vertex, same terminal vertex and same length, but they have different signs. If the signed digraph S contains no pairs of SSSD walks, then S is called powerful. Otherwise, S is non-powerful.
It is well known that matrices and digraphs are closely related. Let 
(S). Clearly, b(A) = b(S(A)).
Furthermore, the local base is defined in [1, 3, 6, 9] . The research on the (local) bases of primitive non-powerful sign pattern matrices (signed digraphs) attracted much attention of the mathematics scholars [12] .
In 
Recently, based on the Lewin's result for primitive digraphs, You et al. [10] showed that a strongly connected signed digraph S is primitive non-powerful if and only if there exists a positive integer k By the relationship between digraphs and matrices, it is easy to know that the lewin number l(A) of a primitive non-powerful sign pattern matrix A is the smallest positive integer t such that the signs of (A t ) uv and (A t+1 ) uv are the ambiguous sign, #, for some u, v, where 1
In the coming discussion, we are only concerned with the primitive non-powerful signed digraphs, and to avoid repetition, S always indicates a primitive non-powerful signed digraph, and D denotes the corresponding underlying primitive digraph of S. Now, from the definitions of l(D), b(S), and l(S), it easily follows that l(D) l(S) b(S). In the sequel, let q and s be two positive integers such that 2 s < q n, the greatest common divisor of q and s is equal to 1, i.e., gcd(q, s) = 1, and q + s n + 1, and let D n,q,s = (V, A) be the digraph, where [8] ). It is well known that D is primitive if and only if D is strongly connected and the greatest common divisor of the lengths of all the cycles of D is 1 (for instance, see [5] ). Note that D n,q,s has exactly two cycles, say C q and C s , and gcd(q, s) = 1. Thus, D n,q,s is primitive. Throughout this paper, S n,q,s denotes a non-powerful primitive signed digraph such that the corresponding underlying digraph of S n,q,s is D n,q,s .
In [10] , some bounds on the lewin number for primitive non-powerful signed digraphs were given, and the next conjecture was put forward.
Conjecture 1.1 [10]. For any primitive non-powerful signed digraph S of order n, l(S)
⎧ ⎨ ⎩ 3n 2 −15n+20 2 , if n 12 is even; 3n 2 −9n+6 2 , if n 7 is odd.
Moreover, equality in the above two cases holds if and only if S is isomorphic to S n,n−1,n−3 or S n,n,n−2 , respectively.
Unfortunately, when n = 14, the following theorem shows that there are exceptional signed digraphs for the equality of Conjecture 1.1. However, for the other cases, Conjecture 1.1 holds, since we have the next result, which will be shown in Section 3.
Theorem 1.2. For any primitive non-powerful signed digraph S of order n, l(S)
, if n is even and n 12; 
The lewin number of S n,q,s
Based on the characterization for powerful irreducible sign pattern matrices [4] , You et al. [11] obtained an important characterization for primitive non-powerful signed digraphs in term of graph parameter. 
Proposition 2.1 [11]. Suppose S is a primitive signed digraph. Then, S is non-powerful if and only if S contains a pair of cycles
The following lemma is well-known. For instance, see [7] . 
We divide the proof into the following two cases. 
By Theorem 2.5 and l(D n,n,n−1 ) = 1, we have Corollary 2.6 [10] . l(S n,n,n−1 ) = n(n − 1) + 1.
Lemma 2.7 [8] . For any primitive digraph D of order n 7, 
Since |W 2 | = |W 1 | + 1, we get 14(a 2 − a 1 ) + 11(b 2 − b 1 ) = 1. Since 14 × 4 + 11 × (−5) = 1 and gcd(14, 11) = 1, by Lemma 2.2 there exists some integer x such that 
If (i) holds, since |W 2 | = |W 1 |+1, we get 14(a 1 −a 2 )+11(b 1 −b 2 ) = 2. Since 14×(−3)+11×4 = 2 and gcd(14, 11) = 1, by Lemma 2.2 there exists some integer x such that
. Since 14 × 5 + 11 × (−6) = 4 and gcd(14, 11) = 1, by Lemma 2.2 there exists some integer x such that
By combining the above arguments, we can conclude that l(S 14,14,11 ) = 199. 
Proof. Since C p 1 and C p 2 are a distinguished cycle pair of S and p 1 = p 2 , by Proposition 2.1 we get sgn(C p 1 ) = −sgn(C p 2 ). It can be proved similarly with Lemma 3.2. . Then, For g(D) 2, Shen and Neufeld [8] had shown that Lemma 3.6 [8] . Let D be a primitive digraph with n 7 vertices and 2
Lemma 3.7 [8] . Let D be a primitive digraph with n 7 vertices and girth g 4. Then, 
, then there are two paths P 1 and P 2 of lengths 3 and 11, respectively, from v 12 to v 1 . Note that P 1 + 3C 14 and P 2 + 3C 11 are two walks of lengths 45 and 44, respectively, from v 12 to v 1 . Thus, l(S) = 199 implies that S ∼ = S 14,14,11 . This completes the proof of this result. 
